With its tight junctions, it forms part of the blood-retina barrier and is important for the maintenance of retinal function. Its pigment absorbs excess light, it reisomerizes all-trans retinal to 11-cis retinal and delivers it back to the photoreceptors, it controls the transport of metabolites, nutrients, ions, and water between the subretinal space and the choroidal vessels, and it phagocytes shed outer segments of photoreceptors. As a target and source of a variety of growth factors, the RPE maintains retinal integrity and is part of the immune privilege of the subretinal space. 4 -6 Many of these tasks are influenced by changes in the [Ca 2ϩ ] i . 7 Therefore, accurate control of [Ca 2ϩ ] i in the RPE is vital.
In the RPE, it has been shown that Ca 2ϩ influx through the voltage-operated L-type Ca 2ϩ channel ␣1D plays a role in the control of growth factor secretion. 8 Additionally, a specific block of L-type channels led to a reduced light peak in electroretinograms in mice and rats, indicating that these channels are involved in light-induced responses of the RPE. 9, 10 Furthermore, purinergic stimulation of RPE cells leads to an increase in [Ca 2ϩ ] i , which seems to be at least partially mediated by ionotropic purinergic receptors (P2X 
MATERIALS AND METHODS

Cell Culture
The human retinal pigment epithelial cell line ARPE-19 was cultured in Dulbecco modified eagle medium/F-12 nutrient mixture (D-MEM/F-12) containing 10% fetal bovine serum, insulin-transferrin-sodium (Roche, Basel, Switzerland), nonessential amino acids, and penicillin/streptomycin at 37°C in a humidified ambient atmosphere containing 5% CO 2 . They were passaged twice per week. For Fura-2 measurements, they were seeded onto coverslips and cultured to confluence.
For primary cultures of human RPE cells, the anterior part of human donor eyes, including vitreous and retina, were removed. The RPE and choroidea were carefully separated from the sclera, washed with PBS, The publication costs of this article were defrayed in part by page charge payment. This article must therefore be marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
Corresponding author: Sönke Wimmers, Experimentelle Ophthalmologie, Klinik und Poliklinik für Augenheilkunde, Universitätsklinki-kum Hamburg-Eppendorf, Martinistrasse 52, 20246 Hamburg, Germany; wimmers@uke.uni-hamburg.de. and incubated overnight with collagenase IA/IV (0.5 mg/mL each) in serum-free culture medium. The dissociated cells were collected by centrifugation (50g, 5 minutes) and cultured on coverslips in the same medium as the ARPE-19 cells. These still pigmented RPE cells were used for Ca 2ϩ measurements after they reached confluence. Human material was used in accordance with the tenets of the Declaration of Helsinki. 
Measurement of Intracellular Free
RNA Isolation and RT-PCR
Human RPE was obtained from organ donors within 24 hours of death. After the cornea was removed for transplantation, the eyes were subjected for RPE preparation. The anterior parts of the eyes, including the vitreous and the retina, were removed. The posterior part was rinsed with ice-cold PBS (without Ca 2ϩ and Mg 2ϩ ) to wash away residual material from the neural retina. With the use of fine forceps, the RPE was gently brushed away. RPE cells were collected and lysed in lysis buffer (RNeasy Mini Kit; Qiagen, Valencia, CA). Total RNA from ARPE-19 cells was prepared from confluent cultures grown in a 25-cm 2 culture flask. RNA was isolated (RNeasy Mini Kit; Qiagen) according to manufacturer's instructions. RNA (1 g) was reverse transcribed at 37°C for 1 hour in the following reaction mixture: 1 g oligo dT primer (Invitrogen, Carlsbad, CA), 1 mM of each dNTP, 20 U RNAguard (Amersham Biosciences, Freiburg, Germany), and 20 U M-MLV reverse transcriptase (Invitrogen). For control PCR reactions, human total brain RNA (Stratagene, La Jolla, CA) was reverse transcribed under the same conditions. PCR experiments were performed with 1 L cDNA in 50-L PCR reaction mixtures with Taq DNA polymerase (Stratagene) and 1.5 pmol of sense and antisense oligonucleotides specific to the various TRPC channel subunits ( Table 1 ). The identity of the amplification product was confirmed by sequencing.
Data Analysis
Results were presented as mean Ϯ SEM. Statistical significance was tested using one-way analysis of variance (P Ͻ 0.05; statistical significance; P Ͻ 0.01, strong statistical significance; P Ͻ 0.001, very strong statistical significance). Figure 2 , neither 10 M nifedipine (a blocker of L-type Ca 2ϩ channels, n ϭ 9) nor 50 M PPADS (a blocker of P2X channels, n ϭ 7) had any effect on [Ca 2ϩ ] i , suggesting that there should be background Ca 2ϩ channels (Fig. 5) . This reduction of basal [Ca 2ϩ ] i was qualitatively reproduced with primary cultures of RPE cells from human donor eyes (Fig.  6) . The basal [Ca 2ϩ ] i was reduced in these cells by the application of 75 M 2-APB and 50 M SKF 96365 to 55.7% Ϯ 9.38% and 67.36% Ϯ 4.63%, respectively.
RESULTS
Blocking
The pharmacologic profile of blockage of basal Ca 2ϩ entry observed here suggested that it was driven by members of the TRPC subfamily. RT-PCR with RNA from the RPE cell line ARPE-19 and from freshly isolated RPE cells showed that TRPC1 and TRPC4 were expressed in the RPE. TRPC7 was also expressed in freshly isolated cells (Fig. 7) .
DISCUSSION
In this study, we showed for the first time that RPE cells have large basal membrane permeability for Ca 2ϩ , as indicated by an increase in [Ca 2ϩ ] i after inhibition of the plasma membrane Ca 2ϩ ATPase. This basal Ca 2ϩ conductance was inhibited by blockers with the same pharmacologic profiles as TRPC channels. We were able to exclude the contribution of voltageoperated Ca 2ϩ channels and purinergic receptors to basal Ca 2ϩ entry. By RT-PCR we confirmed the expression of TRPC channels in the RPE. The RPE is a target for and a source of various cytokines whose intracellular signaling cascades are coupled to [Ca 2ϩ ] i . Furthermore, [Ca 2ϩ ] i changes are involved in many other RPE functions, such as photoreceptor outer segment phagocytosis, transcellular fluid and ion transport, cell differentiation, and the control of gene expression. 5 Nevertheless, until now, only voltage-operated L-type Ca 2ϩ channel ␣1D expression has been shown in RPE cells. These channels are involved in growth factor signaling in the RPE. 8, 16 In addition to these studies about voltage-operated channels, only one other study based on pharmacologic evidence of purinergic receptors suggests that ionotropic purinergic receptors (P2X) are involved in the regulation of fluid and ion transport across the RPE. 11 In addition, it has been reported that NMDA receptors are expressed in the RPE, [17] [18] [19] [20] [21] though it seems unlikely that these channels may contribute to resting [Ca 2ϩ ] i because they need glutamate for stimulation. 
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Thus, considering the multitude of different [Ca 2ϩ ] i -regulated RPE cell functions, additional Ca 2ϩ channels are likely to be expressed in the RPE. TRP channels are good candidates because they are coupled to a variety of intracellular signaling pathways. RPE cells use energy to continuously extrude Ca 2ϩ effectively from the intracellular space through a plasma-membrane Ca 2ϩ ATPase and a Na ϩ /Ca 2ϩ exchanger. Because some of the Ca 2ϩ -induced processes, such as basal VEGF secretion, must persist without stimulation, RPE cells need an equally effective Ca 2ϩ entry pathway. To our knowledge, such a leakage Ca 2ϩ pathway is only described for vascular smooth muscle cells, [22] [23] [24] osteoblastlike cells, 25 and chromaffin cells. 26 Our findings that La 3ϩ , Gd 3ϩ , Ni 2ϩ , 2-APB, and SKF 96365 inhibited this nonstimulated basal Ca 2ϩ entry indicated that TRP channels are the molecular correlate of this Ca 2ϩ leak. Although none of these blockers is specific for a particular class of TRP channels, conclusions concerning the molecular identity of the channels can be drawn from the combination of their effects. TRPV channels are either insensitive to or activated by 2-APB. 27 Accordingly, these channels can be excluded from their possible role in basal Ca 2ϩ entry in RPE cells. TRPM channels can be excluded because of their insensitivity to Ni 2ϩ . Thus far, it has been found that TRPM channels are highly permeable to Ni 2ϩ . 28, 29 Therefore, we concentrated on the TRPC channels.
Our RT-PCR experiments revealed that TRPC1 and TRPC4 are expressed in ARPE-19 and cultured RPE cells from human donor eyes. In the latter, we also found TRPC7 to be expressed. La 3ϩ and Gd 3ϩ block a variety of TRP channels. 30 They also inhibit a variety of other ion channels and transporters. [31] [32] [33] [34] [35] All non-TRP channels, however, have a much lower La 3ϩ sensitivity than the leak Ca 2ϩ channel investigated in this study. Voltage-operated Ca 2ϩ channels had an IC 50 of 1.1 mM. 32 Most TRP channels have much higher La 3ϩ sensitivity than voltage-operated Ca 2ϩ channels. Nevertheless, their sensitivity is much higher (IC 50 , 3-100 M) than the IC 50 for La 3ϩ block of basal Ca 2ϩ entry in RPE cells.
-39
Some study results conflict with ours. In these studies, TRPC4-mediated currents were potentiated rather than blocked, as in our study, by La 3ϩ in micromolar concentrations. 40 -42 In other studies, TRPC4 channels were blocked by La 3ϩ . [43] [44] [45] Comparative studies of wild-type and TRPC4 knockout mice revealed very high La 3ϩ sensitivity of these native TRPC4 channels in the nanomolar range. 43, 46 This discrepancy might be explained by the fact that the potentiation of these currents could only be observed in the heterologous expression system, whereas studies indicating high La 3ϩ sensitivity of 
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IOVS, December 2007, Vol. 48, No. 12 TRPC4 were conducted with endogenously expressed channels in native cells. TRPC4 has been shown to coassemble with TRPC1 to form heteromultimeric channels. 47 These heteromultimeric channels might be dominated by the high La 3ϩ sensitivity of native TRPC4 channels.
In another single study on TRP channels in the RPE, it was found that only TRPC1 is expressed in ARPE-19 cells. 48 TRPC4 is known to be differentially spliced. 41, 49, 50 Because we amplified different parts of the gene, our results may be attributed to a splice variant that Bollimuntha et al. 48 could not detect with their oligonucleotides. In addition, we confirmed the expression of TRPC1 and TRPC4 in native RPE cells. We also found TRPC7 to be expressed in native RPE cells. It has been thought that heteromultimers could only be formed among TRPC1, TRPC4, and TRPC5 and among TRPC3, TRPC6, and TRPC7. 47 Nevertheless, some studies show that heteromultimers can also be formed between these groups. 51, 52 Hence, the additional expressed TRPC7 might be a part of a heteromultimeric channel carrying the basal influx into native RPE cells. Ca 2ϩ is one of the fundamental intracellular signaling molecules. TRPC channels mediating the leak Ca 2ϩ entry to the RPE may be involved in basal cellular processes controlled by [Ca 2ϩ ] i , such as basal secretion of cytokines. Additionally, TRPC channels are coupled to intracellular signaling pathways that are activated by G protein-coupled receptors. On stimulation, these channels may contribute not only to the adjustment of resting [Ca 2ϩ ] i but also to that of elevated [Ca 2ϩ ] i . 53 Because TRPC channels are nonselective cation channels, the TRPC channels identified in this study may also contribute to the resting membrane potential in RPE cells. Human RPE cells have a resting membrane potential of approximately Ϫ45 mV. 54, 55 Given that they have high K ϩ permeability, 54 the observed resting potential requires an additional Na ϩ -permeable current that shifts the resting potential to values positive to the equilibrium potential of K ϩ . TRPC channels are known to set the membrane potential and the basal Ca 2ϩ entry 56 in other cell types. They may also do so in the RPE. 
